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A B S T R A C T
Several studies have described the association between pre-gestational maternal diabetes and cardiac
disease in the newborn. Infants of diabetic mothers have an increased incidence of congenital heart
disease, reported between 3% and 6% compared to 0.8% of the general population. A particularly high
prevalence of conotruncal defects has been recently described among congenital heart diseases. This
group of malformations affects ventricular outﬂows, aorta, and pulmonary artery and shares a common
embryogenic origin. They include persistence of the truncus arteriosus, transposition of great arteries,
tetralogy of Fallot, interruption of the aortic arch, and double outlet right ventricle. Aorto-pulmonary
window, a rare congenital heart disease belonging to conotruncal malformations, has never been
previously described in association with maternal diabetes. We describe the case of a male infant born to
a mother suffering from a poorly controlled type 1 diabetes during pregnancy. In the early postnatal life
the infant showed respiratory distress, tachycardia, and failure to thrive. He was found to be affected by
aorto-pulmonary window that required corrective surgical intervention.
<Learning objective: This case report warns us to consider this congenital abnormality as a possible
ﬁnding in infants born to a diabetic mother. Furthermore, it shows how difﬁcult the echocardiographic
diagnosis of aorto-pulmonary windows can be.>
 2015 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
Journal of Cardiology Cases
jo u rn al ho m epag e: ww w.els evier . c om / lo cat e/ jcc as eIntroduction
Pre-gestational maternal diabetes is a signiﬁcant cause of fetal
and neonatal pathology and it is associated with an increased risk
of congenital malformations [1–3]. The negative effects of
maternal diabetes on fetus are linked to poor control of the
disease and high blood glucose level. In particular, incidence of
congenital heart disease is increased by about 4 times compared to
the general population [1]. Conotruncal malformations are the
most frequent cardiac alterations [4,5]. This group of congenital
defects affects ventricular outﬂows and large arteries and originate
from an interruption in the process of septation and rotation of
common arterial trunk from which normally the aorta and the
pulmonary artery separate. Transposition of the great vessels,* Corresponding author at: Fondazione IRCCS Ca` Granda Ospedale Maggiore
Policlinico, Via della Commenda 12, 20129 Milano, Italy. Tel.: +39 0255032907;
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arteriosus, and aortic arch interruption are included in this
category. A review of the literature by Lisowski et al. has shown
that these defects make up about a quarter of heart disease found
in children of diabetic mothers [5]. The pathological process
underlying this altered morphogenesis is not entirely clear.
In the series of cases reported by Lisowski, 7% of heart disease
was made up of the persistence of the truncus arteriosus, a rare
malformation in newborns that represents less than 1% of cases of
congenital heart disease [5]. Cases of aorto-pulmonary window,
such as the one reported by us, have never been previously
described.
Case report
A male infant was born at term by planned cesarean section
because of breech presentation, after a singleton spontaneous
pregnancy. The 30-year-old Peruvian mother was suffering from
diabetes mellitus type 1 and had been on insulin therapy since she
was 18-year-old. A previous pregnancy was uncomplicated. A reserved.
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second pregnancy, with daily glucose values always above 130 mg/
dl and often above 200 mg/dl. Prenatal ultrasound at 20 weeks of
gestation showed no fetal abnormalities and fetal biometry was
within normal limits. There was no indication for fetal echocardi-
ography.
At birth, the baby’s weight was 3240 g (25th–50th centile);
Apgar score was 7 at 1st minute and 9 at 5th minute. Physical
examination was normal; in particular there were no visible
malformations or pathological cardiopulmonary alteration. In the
next few minutes, the baby showed signs of respiratory distress
with apnea that required mask ventilation. At two hours of life, a
non-invasive support ventilation with nasal-continuous positive
airway pressure was started because of worsening respiratory
distress and the infant was transferred to the Neonatal Intensive
Care Unit (NICU). Because of the history of maternal diabetes, the
baby’s blood glucose was monitored in the ﬁrst hours of life with
the ﬁnding of hypoglycemia (34 mg/dl) that normalized with
intravenous glucose solution and enteral feeding. By the third day
of life, blood glucose was stable within the normal range and it was
possible to discontinue ventilator support. Chest X-ray showed
normal lung ﬁelds, without parenchymal alterations and with
normal cardiac shape. The ﬁrst cardiac ultrasound was performed
at 24 hours of life with the ﬁnding of a moderate pulmonary
hypertension (PAPs 50 mmHg) and a right to left shunt through the
patent ductus arteriosus. No signs of myocardial hypertrophy were
present. At seven days of life, a clinical worsening was observed:
the baby showed a poor increase in weight, tachycardia, and
polypnea; heart sounds were accentuated and a rude systolic
murmur (2–3/6) was present on pulmonary area. A second
echocardiographic evaluation was performed, with the ﬁnding
of a hyperdynamic heart, a marked left atrial dilatation, and a right
ventricular pressure estimated to be 70 mmHg by tricuspid
regurgitation. Pulmonary artery dilatation and a large communi-
cation of 7 mm diameter with ascending aorta were observed at
1 cm from the pulmonary valve, with a left to right shunt with low-
velocity ﬂow (Fig. 1). Diagnosis of aorto-pulmonary windows was
made. Diuretic therapy was started and the infant was transferred
to the cardiac surgery center. A corrective surgical intervention
was performed the day after. The separation between the aorta and
pulmonary artery was achieved thanks to a heterologous
pericardial patch positioned to close the defected wall. The
postoperative course was complicated by a severe pulmonary
hypertension that required treatment with inhaled NO, sildenaﬁl,
diuretic, and angiotensin-converting enzyme inhibitor. Postoper-
ative echocardiography evaluation showed a moderate residualFig. 1.
Echocardiogram parasternal short-axis view showing the aorto-
pulmonary window (arrow). AA, aortic arch; PA, pulmonary artery;
LPA, left pulmonary artery; APW, aorto-pulmonary window.stenosis of the two pulmonary artery branches. Three days after
surgical intervention, the infant was extubated and transferred
once again to our NICU. In the following days, we observed an
improvement in pulmonary hypertension and it was possible to
reduce therapy dosages. The infant showed a delay in the
acquisition of sucking and autonomous feeding. This, along with
the type of congenital heart disease, raised the diagnostic suspicion
of Di George syndrome. Cytogenetic analysis (ﬂuorescence in situ
hybridization technique for the detection of chromosome 22q11.2
micro-deletion) excluded this syndrome.
The baby was discharged, when 2 months old, in good general
condition, with weight gain and with indication to continue diuretic
therapy. Cardiologic follow-up at 3 months of age showed successful
surgery without residual shunt between aorta and pulmonary artery
and persistent, well-tolerated stenosis of pulmonary branches.
Discussion
Aorto-pulmonary window is a defect of septation that results
from failure of the conotruncal ridges to fuse. It is an extremely rare
vascular malformation, which according to some classiﬁcations,
represents a particular form of truncus arteriosus [6]. However it
differs from truncus arteriosus since it is associated with normal
aortic and pulmonary valves. Some authors described the
mechanism that links high blood glucose levels to congenital
cardiac defects. Maternal diabetes inhibits expression of Pax3 gene
in neuroepithelium through hyperglycemia-induced oxidative
stress. Pax3 expression is required for cardiac neural crest
migration to the heart and for outﬂow tract septation. In an
animal model, administration of antioxidants before the onset of
Pax3 expression and cardiac neural crest migration prevented the
effects of hyperglycemia [7].
In aorto-pulmonary windows, the large non-restrictive com-
munication between the two great arteries leads to an important
pulmonary overﬂow that evolves rapidly into heart failure and
pulmonary hypertension [8]. It is interesting to observe that even
in patients with DiGeorge syndrome (22q11.2 micro-deletion
syndrome), a condition associated with conotruncal malforma-
tions in more than 50% of cases, the aorto-pulmonary window is
rarely isolated and may be associated with interrupted aortic arch
[9]. Prenatal diagnosis of this form is extremely difﬁcult because
the morphology of the cardiac chambers and ventricular outﬂows
are not altered [8]. Even after birth, the ultrasound diagnosis is not
always straightforward and should be based on careful evaluation
of the two-dimensional images of the parasternal and suprasternal
projections. Color Doppler is generally not useful because the
shunt between the aorta and pulmonary artery is always at low-
velocity and therefore hardly detectable. In the case described,
initial clinical signs of heart failure and pulmonary overﬂow, highly
suspicious for heart disease with left to right shunt, have oriented
the diagnosis and led to repetition of a second echocardiography.
Parasternal short axis was the best ultrasound projection to
observe the malformation. It was possible to observe that the
common pulmonary truncus, before giving origin to the two main
branches, seemed to continue at full channel in the ascending aorta
and aortic arch.
Different classiﬁcations of aorto-pulmonary window are
reported, based on the defect’s location and extent. The Richardson
classiﬁcation system for aorto-pulmonary window includes simple
defects between the ascending aorta and pulmonary truncus (type I),
a more cephalic defect between the ascending aorta and the origin of
the right pulmonary artery (type II), and anomalous origin of the
right main pulmonary artery from the ascending aorta with no other
aorto-pulmonary communication (type III) [10].
There is no tendency for aorto-pulmonary windows to
close spontaneously. The natural history of infants with large
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childhood and those who survive beyond early life have important
pulmonary vascular disease.
Surgical treatment is indicated as soon as the diagnosis is made.
The defect can be closed with primary suturing in case of small
communications or with the interposition of a patch for larger
defects as described in our patient [8].
Cases treated by placement of occlusive devices with interven-
tional catheterization were also reported in literature but, at the
moment, there is little experience with this technique [11]. The
closure of the defect resolves brieﬂy the pulmonary overﬂow and
the overload of the left heart while pre-existent pulmonary
hypertension can take longer to normalize.
In early diagnosis and in absence of other malformations,
intraoperative mortality is low and long-term outcome is
satisfactory. In late diagnosis, a pulmonary resistance evaluation
is necessary to exclude an irreversible vascular disease which is a
contraindication for surgical solution.
Stenosis of the main pulmonary branches has already been
described in the literature as a complication and could either be
already present before surgical intervention or be a consequence of
a traction on its origin by adjacent sutura [12].
In conclusion, our case adds a new rare condition to the
spectrum of cardiac malformations linked to maternal pre-
gestational diabetes. It conﬁrms the hypothesis that poor blood
glucose control in the ﬁrst weeks of gestation can affect the normal
development of ventricular outﬂow and great vessels.
Neonatologists and echographers must be aware of the possible
association between maternal diabetes and this cardiac malfor-
mation so that an early diagnosis can be made. This case report
conﬁrms the importance of early cardiac examination of all
neonates born from a mother with poorly controlled diabetes.
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